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1. SUMMARY 


This report summarizes the new work that has been done on the free surface 
experiment using a liquid doped with a fluorescent dye under sheet illumination. 
The work includes the selection of a CCD camera for use during the design stages 
of the experiment as well as a preliminary demonstration cf this technique in the 
production of a contour map of a liquid-liquid interface with better than 0.1 mm 
resolution. 

2. DETECTOR SELECTION 

Several solid state cameras were considered. They include the RCA and 
Pulnix CCD cameras, as well as a GE CID (charge injection device) camera. We 
have limited ourselves to solid-state cameras because they exhibit no blooming 
effects. However, when used in conjunction with our Vicom digital image proces- 
sor, they all display a regular vertical striped pattern associated with the 
difference in clock cycles of the camera and the Vicom. Since the Vicom is to be 
used for the development of the necessary processing algorithms, this background 
noise problem was a source of delay. For the work presented here, the Pulnix 
was used because it performs the best in this respect. Nevertheless, the Pulnix 
images contain enough of this noise to make processing difficult. Pulnix has 
assured us that this noise problem will be remedied soon. 

In any event, this type of noise should not exist in the final experiment 
design, because we plan to have the detector and the processing and storage dev- 
ices run by the same clock. Without this noise, the necessary image processing is 
reduced essentially to a simple thresholding function, which can be done by 
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hardware in real time. 

S. EXPERIMENTAL RESULTS 

The experimental set-up is diagrammed in Figure 1. A horizontal sheet of 
laser lignt, with a waist thickness of ~ 0.1 mm., passes through a rectangular 
glass container holding two immiscible liquids, ethylene glycol and methyl lau- 
rate. The orientation of the laser sheet (with respect to the container) was chosen 
to produce easily interpreted contour lines of the known liquid interface. The 
orientation of the laser sheet for the actual space-based experiment will depend 
on the container shape and size, as well as optical constraints on the size and 
extent of the laser sheet. For example, a laser sheet can only maintain a thick- 
ness of 0.1 mm. for a distance of about 20 mm.. So the direction of the las^r 
sheet should either be chosen to avoid having it pass through more than 20 mm. 
of liquid, or more than one laser sheet can be used to illuminate different regions 
of the container. 

The methyl laurate is doped with a fluorescent dye (LD700, from Exciton). 
The container is 1 cm. by 4 cm in cross-section, but only a 1 cm by 2 cm portion 
of this is observed by the camera. In this configuration, one (amera pixel is 
equivalent to about 0.05 mm, thus giving better than 0.1 mm resolution in the 
plane of the cross-section. 

For the experiment, twenty-six cross-sections were recorded, spaced 0.1 mm 
apart. An example of the unprocessed image is in Figure 2a. The processing 
steps are summarized in Figures 2b-g. The final contour map is presented in Fig- 


ure 3. 
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The first step of the processing was to threshold the image, where the deci- 
sion level was set to be approximately one-half the maximum intensity level of 
the image (thresholding sets everything above the decision level equal to 1, the 
maximum intensity, and everything below equal to 0, the minimum intensity). 
The result is in Figure 2b. In this figure vertical scoring can be seen, which is the 
result of the camera’s background noise mentioned earlier. To remove this, a 
low-pass filter was used on the image and a threshold operation was again per- 
formed (Figures 2c, d). 

In Figure 2d (as well as in the original, Figure 2a) it is apparent that the 
fluorescing intensity drops off toward the left side of the image. This is due to 
absorption of the laser light, which is coming in from the right side. This inten- 
sity inhomogeneity can be minimized by a concentration of fluorescent dye 
optimized for the intensity of the laser light. For this demonstration, the concen- 
tration was not optimized. Instead, the area of observation was reduced to con- 
tain only that area which was least affected by this absorption. So the next step 
in processing was to box off the area of interest (Figure 2e). This allowed for 
higher threshold values without degradation of the contour lines. Higher thres- 
hold values generally translate into lower noise. 

Threshold level also determines the effective waist thickness of the light 
sheet. The light sheet exhibits a gauss’’ an intensity profile, and its waist thick- 
ness is defined as the point where the power drops to l/e x of the maximum. By 
setting the threshold level above the 1/e 4 value of the maximum fluorescing 
power, one should obtain edges that correspond to those one would obtain if the 
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light sheet had a well defined thickness equal to the desired waist size. For the 
work presented here, the threshold level was set much higher than the 1/e* level 
(to “ 1/2 maximum), thus reducing the effective waist thickness still further. 

Finally, an edge detection algorithm was used to produce the contour line at 
that level (Figure 2f). A composite of all the contour lines was made to produce 
the topographic map of Figures 2g and 3. 

4. CONCLUSION 

We have demonstrated that this technique can be used to produce a map- 
ping of the interface to within 0.1 mm resolution over an area of greater than 1 
cm. . With a different data sampling and storage procedure, the image processing 
should be reduced to a simple thresholding procedure, which can be done in 
hardware. This reduces the needed pixel information to one bit, with no loss of 
topographical information. Such a procedure can easily be implemented in 
hardware and performed in real time. 
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FIGURE 3 

COMPOSITE CONTOUR MAP 
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Notes 


- Contour lines are numbered by increasing height. 

- Spacing of contour lines is 0.1 mm. 

- Contour lines 21,23 and 25 are not included to avoid bunching. 

- The top/bottom asymmetry is most likely due to the laser sheet not 
being exactly perpendicular to the local vertical. 


